INTRODUCTION
Biliary-enteric fistula was first described by Bartholin in 1654, but so far biliary-enteric fistulas are still rarely reported, which are thought to be one or multiple pathological perforations between biliary tree and gastrointestinal tract [1, 2] . Choledochoduodenal fistula (CDF), the special type of biliaryenteric fistulas, is nearly 90% caused by cholecystolithiasis [3] .
Increasing cases have been reported in the last 30 years since the progress in hepatobiliary techniques, such as endoscopic retrograde cholangiography (ERCP), magnetic resonance cholangiopancreatography (MRCP), which have been applied to extensively reevaluate hepatobiliary diseases in the clinic, especially in Mainland China. However, the preoperative diagnosis of CDF is still difficult because of the nonspecific and/ or minimal clinical symptoms [4] . Hence, CDFs are resulting in tough challenges for surgeons, especially for young surgeons. In this review, we have mentioned exclusive cases reports of CDF in Chinese populations concerning epidemiology, etiology, diagnosis and management.
METHODS
The MeSH terms biliary fistula and intestinal fistula with the subheadings of China were searched in the English databases such as PubMed, Embase, ISI Web of Science and the Chinese databases such as SinoMed, CQVIP, CNKI, WANFANG data. A total of 1,379 papers have been researched. Cholecystoduodenal fistula was not encountered in discussions. Data on the papers were extracted from the full text. Papers were reviewed elaborately, except for those without specific reference or already reported. A total of 48 case reports from 1983 to 2014 concerning 728 cases of CDF were finally accorded with the inclusion criteria . Statistical calculations have not been built as they are lacking in the heterogeneity of data.
RESULTS

Epidemiology
Large-scale studies of ERCP have reported that the incidence of CDF ranges from 2.53% to 5.3% [22] [23] [24] 27, 45] . More than half of the cases are found in females (57.14%). The ratio of male/ female is 0.75. The mean age of the 728 patients is 48.9 ranging from 18 to 82. The case reports of CDF, which have accurate age data, totals 24 papers concerning 33 cases. In these papers, the mean age of male (n = 13) and female (n = 20) are respectively 48 and 57.3. The distribution of CDF in different districts of Mainland China is shown in Fig. 1 .
Etiology
CDF is a complication of cholelithiasis, including gallstone, choledocholithiasis, hepatolith, and biliary stenosisin, which account for 73.76% of CDF in all cases. The remainder of cases is rarely caused by iatrogenic injury (9.20%), spontaneity (8.93%), penetrating peptic ulcer (3.16%), adjacent organs tumors (3.58%), and abdominal tuberculosis (0.27%) and so on (Table 1) .
Clinical presentation
Generally, no typical symptoms of CDF are presented. The most common presenting symptoms of nonobstructing biliaryenteric fistulas are epigastric pain (80.91%) and cholangitis such as jaundice (54.26%) and fever (50.69%), nausea and/or vomiting (10.30%), abdominal distension (0.39%), asymptomatic (0.11%), and diarrhea (0.11%). A case of melena and a case of kaolin stools have been respectively reported by Cao et al. [5] and Shen and Zhao [18] . Cachexia such as anorexia, ascites and weight loss commonly present in the advanced tumor patient [5, 19, 22, 27, 30, 41, 52] (Table 1) .
Diagnostic methods
ERCP is the most common and effective method for the diagnosis of CDF. In the 728 cases of CDF, 475 cases were confirmed by ERCP (65.25%), the rest were detected by operation (23.21%), X-barium meal examination (4.40%), T-tube cholangiography (3.43%), MRCP (1.79%), gastroscope/duodenoscope (1.37%), percutaneous cholangiography (0.41%), autopsy (0.14%) and so on. Under the detection of ERCP, surgery, gastroscope/duodenoscope, and the fistula size are classified as less than 0.5-cm group, more than 1.0-cm group and 0.5-to 1.0-cm group, respectively. The number of above groups is respectively 105 cases, 82 cases, and 467 cases. Ultrasound and CT have rarely been useful in CDF diagnosis (Table 1) . 
Management strategies for CDF
At present, treatments of CDF are controversial. In the 728 cases of CDF, patients treated by biliary reconstruction including resection of hepatic bile duct stricture or stricturoplasty side-toside choledochojejunostomy, intrahepatic cholangiojejunostomy and transection of common bile duct (CBD) account for 46.84%. The rest were nonoperative treatment (14.01%), endoscopic sphincterotomy (EST) (13.74%), fistula repair surgery (11.95%), drainage of CBD (9.89%), subtotal gastrectomy (2.34%). Four cases were under vater papilla reconstruction [34] . Two cases suffered from fistulation [46] [47] . One case was implanted with a self-expandable metal stent in the CBD to heal the fistula [52] ( Table 1) .
DISCUSSION
In the West, the most common communication was cholecystoduodenal, but in Asia, choledochoduodenal was the most common type [53] . This may be related to physical endurance. Asians are prone to endure pain when they suffer from cholangitis or CBD stone, so CDF is more prevalent in Asian patients [54] . Especially, Southwest China's population more easily suffers from gallstone, choledocholithiasis, hepatolith, and biliary stenosisin than other regions of Mainland China [23, 24, 27] . We also know from these reports above that women are prone to suffer from CDF, which may be due to a higher prevalence of cholelithiasis in women. In contrast, CDF historically has been a complication of duodenal ulcer disease and has been seen more often in men.
CDF is a well-known but relatively rare complication of duodenal ulcer in recent years, because the development of antacid drugs helps us control the disease more easily than before [55] . The major cause of duodeno-biliary fistula is inflammation of the bile duct due to gallstones, and minor causes include duodenal ulcer, pancreatic neoplasm, and inflam mation of neighboring organs [56] . As we know, there are two parts of narrow in CBD, one part is of the duodenal papilla, and the other is the site of the bile duct in entering the duodenum. When stones impact on either of the two narrow parts and press against the wall of CBD, inflammation would occur repeatedly and necrosis will form eventually [57] .
Perampullary adenocarcinoma or pancreatic carcinoma could lead to CDF when a tumor presses against the CBD directly, making it obstructive [58] . Then CBD enlarges as the pressure in bile duct increases, causing CBD to crack and finally a fistula formation [59] . The carcinoma could penetrate the local tissues and cause necrosis and fistula formation as well [60] . Duodenal ulcer could penetrate the intestinal and biliary walls into CBD and ultimately cause a fistula, which would usually occur in the site of the duodenal bulb. The final result is the iatrogenic factor, which can not be neglected. For example, when one patient undergoes exploration of CBD, ducts around the periampullary region could be injured during passage of a rigid choledochal bougie in the CBD. Furthermore, iatrogenic CDF could occur while performing sphincteroplasty or EST carelessly [61, 62] . In addition, previous studies also reported CDF formation in a patient with duodenal tuberculosis, liver transplantation and metallic biliary stent placement.
Moreover, perapapillary choledochoduodenal fistula (PCDF) is mainly caused by a spontaneous migration of a CBD stone into the duodenum. Karincaoglu et al. [63] reviewed 841 patients who underwent ERCP between 1993 and 2002 for evaluation of PCDF. They found that 16 had a PCDF at the papilla Vater and none of these 16 patients had a history of pancreatitis, duodenal ulcer, nor had they undergone biliary surgery or ERCP previously. This study indicated that PCDF was more frequently associated with CBD stones than with biliary surgery and bougienage. CDF has been categorized by Ikeda and Okada [64] and Gong et al. [23, 24] separately. According to the location of the fistula, Ikeda divided CDFs into two types. Type I is located on the longitudinal fold of the papilla, while type II is on the posterior wall of the duodenal bulb ( Fig. 2A) . However, Gong et al [23, 24] have divided them into three types, the first type is type A, which is an orifice of CDF located more than 2 cm away from the papilla. The second is type B, characterized by an orifice of CDF located less than 2 cm away from the papilla. Lastly, type C, also called PCDF, is an orifice of CDF located on the papilla fold (Fig. 2B) . The classification of CDF is important for the diagnosis and treatment in the clinic, and the position of fistula can suggest what the possible cause of CDF is.
The clinical manifestations of CDF are various and nonspecific. To determine the typical presentations of CDF, more specific clinical datum are needed. What is more, assistant examinations are necessary in the diagnosis. There are some signs related to these diseases. The presence of an internal biliary fistula was suggested in some cases by the findings of pneumobilia, atrophic gallbladder, and biliary stones [65] . Furthermore, the bile sample collected from the CBD showed high levels of pancreatic enzymes, including amylase and phospholipase-A2 [66] . High levels of these enzymes may indicate an abnormal connection between the duodenum and the CBD. Despite the increased rate of CDF diagnosis, treatment and management strategies for CDF have not been established yet, and more investigation is needed in this area.
Some studies suggest that patients with no symptoms of illness probably should not receive treatment, especially surgical. Treatment can sometimes be accomplished through nonsurgical (endoscopic) or percutaneous interventions. Even in patients with symptoms conservative treatment of H2 antagonist or proton pump inhibitors and drugs for the eradication of Helicobacter pylori infection (when abundant), which often happens, is advised. This therapy can also lead to less CDF [67] [68] [69] [70] . Surgery is recommended when there are surgical complications, duodenal stenosis, severe symptoms of peptic ulcer disease in those who have not responded to conservative treatment, especially bleeding and recurrent cholangitis.
On the other hand, Choi et al. [71] have regarded CDF as a biliary abnormality that was prone to ascending biliary infection. To avoid recurrence of bile tract infection and the risk of biliary stricture existing after healing of the fistula, aggressive therapy to correct CDF was mandatory. In addition, recurrent gallstone ileus caused by CDF was considered as a definitive indication for surgical managements. What is more, CDF presented a high risk for biliary tract carcinoma, and surgical management to be necessary for CDF, even if the patient had no significant clinical symptoms [72, 73] .
Agarwal et al. [74] have reported that most of their patients were operated on with biliary enteric anastomosis, and the remaining patients underwent other therapeutic procedures, such as sphincterotomy, biliary stenting, and nasobiliary drainage. According to the sizes of fistula, Li et al. [35] proposed the following strategies for fistula treatments: for fistula orifices larger than 1 cm, CBDs larger than 2 cm and with complications in the biliary tree, after removing the stones, Roux-en-Y choledochojejunostomy or Roux-en-Y intrahepatic cholangiojejunostomy to build an effective drainage, a transection of the CBD was applied to prevent the reflux of duodenal juice; for fistula orifices between 0.5 and 1.0 cm, CBDs greater than 2 cm without any biliary complications and reflux of duodenal juice, a side-to-side choledochojejunostomy without transecting the duct and an effective biliary drainage was applied; for fistula orifices larger than 0.5 cm, CBDs larger than 1.2 cm and CDF caused by secondary stones from the gallbladder, the surgery included stone removal, cholecystectomy and CBD examination followed by drainage; for fistula orifices less than 0.5 cm, without complications in the bile duct tree non-surgical treatments were applied. This study suggested that larger fistula increased the frequency of cholangitis episodes and needed surgical treatment for fistula itself. In many patients, when there was stenosis of the duodenum, it was recommended gastric resection. Biliary-enteric fistula including CDF is one of the reasons for converting from laparoscopic cholecystectomy (LC) to open surgery. Thus, surgery is preferred over laparoscopic operation for treating CDF. However, as the skill of LC improves, LC would expand its indication [56] . Periselneris and Bong [75] have reported that no patient suffered from death or intraoperative complications when the laparoscopic approach to the CDF was performed. And Lee et al. [76] also reported three cases of biliary-enteric fistula including CDF treated successfully by laparoscopic surgery without any postoperative complication, eventually. We can know that laparoscopic surgery is an advanced technique and the treatment of choice for CDF irrespective of the preoperative diagnosis from these studies.
In a word, there are several treatment options for CDF. Management of CDF depends on their type and etiological severity of the disease and the general condition of each patient. In fistulas with complicating duodenal ulcers, medical management or surgery can be used. Surgery must be reserved for patients with poorly controlled or recurrent ulcer symptoms, major ulcer complications, such as perforation, hemorrhage, or obstruction, or exceptional cases with cholangitis or biliary obstruction. Endoscopic management and the extraction of a bile duct stone (if present) may be needed. There is a justified trend towards conservative management of iatrogenic bile duct perforations. The current case was also managed conservatively, by reducing the pressure gradient with T-tube drainage and antibiotics.
In conclusion, patients with CDF may have nonspecific symptoms, which make the diagnosis difficult. To assist in diagnosing CDF, imaging procedures are needed. And ERCP can increase the rate of CDF diagnosis significantly. Although the rate of diagnosis has increased, treatment and management plans for CDF have not been established. Managements of CDF depend on the types, etiology, severity of the diseases, and the general condi tion of each patient. Despite open surgery being preferred over laparoscopic surgery for treating CDF, laparoscopic surgery was reported effective for cases with CDF irrespective of the pre operative diagnosis. And to prove the effectiveness of lapar oscopic surgery, more data are needed to be collected.
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